Introduction
Primary dysmenorrhea is pain occurring with menses in the absence of underlying pathology, commonly referred to as period pains or menstrual cramps by the lay press and public. [1] [2] [3] [4] Women may consider primary dysmenorrhea to be a normal physiological state rather than a disorder. 5 However, studies consistently find it to be the most common gynecological condition of adolescence, 6-8 also affecting 60-76% of adult menstruating women. 9, 10 Severe symptoms are reported by 13-33% [11] [12] [13] of women with primary dysmenorrhea and absenteeism by 24-43%. [13] [14] [15] Approximately one third of women with primary dysmenorrhea have seen a health professional because of this condition. 16, 17 Standard, evidence-based treatment is with nonsteroidal antiinflammatory medications 18 or oral hormonal contraceptives. 19 Other hormonal contraceptives may be helpful but the evidence base for these is less robust. 8 Some women may not be able to use medications, or may prefer to avoid them. No complementary therapies have any highquality evidence of effectiveness. [20] [21] [22] [23] [24] [25] [26] [27] There are plausible mechanisms by which physical activity may reduce pain in primary dysmenorrhea. Pain during menstruation is thought to be mediated by uterine prostaglandins, which stimulate myometrial contractions. 8 Pain sensitization, 8 along with psychosocial 28, 29 and cultural 30 factors may also play a role. Physical activity reduces stress, 31, 32 has antinociceptive properties, [33] [34] [35] [36] and reduces levels of prostaglandinF2a 37, 38 (the prostaglandin subtype most closely linked with primary dysmenorrhea). 8 Intense exercise has significant impacts on the menstrual cycle, with female athletes found to have fewer ovulatory cycles and lower estrogen and progesterone levels. 39 However, the effects of moderate exercise during the menstrual cycle are less well understood. 40 Physical activity has been recommended by clinicians for primary dysmenorrhea since the 1930s, 41, 42 and this advice is reiterated on popular 1,3 and medical 4, 43 websites as well as in patient information provided by the American College of Obstetricians and Gynecologists. 44 However, based on current evidence, the effectiveness of physical activity is uncertain, 26, 27, 45 with even less known about which types of exercise might be beneficial or when these exercises should be performed. Four reviews of interventional studies of physical activity for primary dysmenorrhea have been performed (2 narrative reviews in 1998 45 and 2008 26 and 2 systematic reviews in 2010 27 and 2016 46 ). Results from 3 of these reviews were inconclusive due to lack of primary studies. The most recent systematic review was published in 2016 46 but this deviates substantially from the Cochrane library guidelines and PRISMA reporting standards in a number of ways. The protocol was not registered, no inclusion criteria were reported for the types or length of intervention, no sample search strategy was provided, studies were excluded based on publication status and language, no information regarding excluded studies was reported, and no data regarding statistical heterogeneity were provided. Additionally, there appeared to be low return rates on the initial searches for potentially eligible studies and there were discrepancies in the methodological descriptions in different sections of the report. We performed scoping searches that identified a number of new trials since the searches for this previous review were performed. An updated review is therefore required.
Objective
We sought to systematically review the evidence from randomized controlled trials (RCTs) of the use of physical activity as treatment for primary dysmenorrhea. We sought to perform subgroup analyses based on type of intervention, type of comparator, and whether participants were adolescents or adults. 47 
Materials and Methods
This review was conducted in accordance with systematic review methodologies as per the Cochrane Handbook 48 and has been reported in compliance with the PRISMA statement. 49 It is based upon a prospectively registered protocol, available at: www.crd.york.ac.uk/PROSPERO/ (registration number 42017062202). 47 The search strategy was developed building on search strategies from previous similar reviews. 26 Google searches and citation searching of previous reviews were also conducted.
Indexing terms (where possible) and text words (title, abstract, key words, and text search) were used for "physical activity" and "dysmenorrhea" terms. Language, date, or publication type restrictions were not applied. "Humans" filters were used on some databases with large return rates (eg, MEDLINE) to enable easier handling of search results. Validated RCT filters were used where required, 48, 52, 53 the inbuilt search filter was used for CINAHL. The MEDLINE search strategy (Appendix A) was piloted for sensitivity and specificity using studies found during the initial scoping searches. No changes were required following piloting. Searches performed on other databases used the same text terms as the piloted MEDLINE search, with index terms adapted for the specific database.
Eligibility criteria
Published and unpublished studies, in any language, were included where the following PICOS (population, intervention, comparator, outcome, study type) criteria were met:
Participants: nonathlete females with regular menstruation, experiencing primary dysmenorrhea (diagnosis as defined by report), not using hormonal contraception. Interventions: physical activity interventions delivered over !2 menstrual cycles; as a single intervention or as a cointervention, in any setting and via any mode of delivery. Comparators: any comparator that did not involve physical activity, including active comparators and usual care or no treatment. Outcomes: pain intensity (most painful day or average pain intensity on days that pain was experienced) measured by a validated tool, or pain duration measured in hours. Study type: RCTs.
Athletes were excluded, as those exercising at very high levels have different menstrual cycle characteristics to moderate or low-level exercisers. 39 Hormonal contraception also significantly alters menstrual cycle physiology. Those with irregular menstruation are likely to have an underlying gynecological disorder and therefore consideration to excluding these women should be made in the primary studies. An author-defined diagnosis of primary dysmenorrhea was used as the diagnosis is usually based on history and examination, with pelvic examination typically avoided in adolescents.
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AJOG at a Glance Why was this study conducted? To determine whether physical activity can reduce pain in primary dysmenorrhea.
Key findings
Increased physical activity reduced pain intensity by almost 2 cm on the visual analog scale and pain duration by almost 4 hours in primary dysmenorrhea.
What does this add to what is known?
This study provides improved and updated evidence that physical activity may be an effective treatment in primary dysmenorrhea.
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Title and abstract screening was performed independently by 2 reviewers and any discrepancies were resolved by consensus between the 2 reviewers. Full text screening for inclusion of eligible studies was completed by 2 independent reviewers; discrepancies were resolved by consensus between these reviewers. Study authors were contacted for missing information with a reminder sent after 3 weeks if there had been no reply. In total, 20 study authors were contacted for further information regarding 17 studies but only 5 replied.
Data extraction
The data extraction form was adapted from the Cochrane Good Practice Data Extraction form 55 and was piloted prior to use. Data from included studies were extracted for participants (setting, population, method of diagnosis, inclusion/ exclusion criteria, sample size, age range), intervention (type of intervention, method, timing and frequency of delivery, duration), comparators (type of comparator, timing and duration), and outcomes (time point measured, measurement tool, mean, variance). Data extraction was completed by 2 independent reviewers using the full text copy and any supplementary information (protocols, correspondence from authors). The main publication was used as the reference and other sources were used to obtain any information that was not reported in the main study publication. Discrepancies were resolved by consensus between the 2 reviewers.
Assessment of risk of bias
The Cochrane Collaboration risk of bias tool was used 56 with 1 adaption: "blinding of participants/personnel" was changed to "blinding to study purpose/ group" as physical activity interventions do not allow complete blinding. 26, 57 Studies could therefore still be rated to be of high methodological quality despite being at high risk of bias. The main biases considered in the "other bias" section were recall bias, interviewer bias, contamination, the Hawthorne effect, and the effect of cointerventions. Studies were assessed for quality at the study level by 2 independent reviewers using the Cochrane guidance. 48 Discrepancies were resolved by consensus. Quality assessment was used for descriptive purposes and sensitivity analysis only.
Data synthesis
Review Manager 5.3 (Revman, Cochrane) was used for statistical analyses. Meta-analyses of pain intensity and duration were performed as specified in the review protocol. 47 Where trials compared 2 physical activity interventions against 1 comparator, they were considered as 2 separate trials; [58] [59] [60] [61] the number of participants in the comparator group was evenly divided between the trials to avoid doublecounting of comparators. The variance was adjusted accordingly where required. The final participant number (n) was not provided for 3 studies; 61e63 for these studies n was assumed to be the total randomized. Results for Ortiz et al 64 in 2015 were obtained from a graph; they did not specify the measure of variance so this was assumed to be SD.
Results were combined using the weighted mean difference, as most Records after duplicates removed (n = 582)
Records screened (title and abstract) (n = 582)
Records excluded (n = 513)
Full-text articles assessed for eligibility (n = 69)
Full-text articles excluded* (n = 54) Reasons: Duplicate, n = 2 Not RCT, n = 17 Athletes included, n = 1 Not primary dysmenorrhoea, n = 7 Hormonal contraception not excluded, n = 7 Intervention < 8 weeks, n = 6 Pain not assessed, n = 2 Incomplete information, n = 12
Studies included in qualitative synthesis (n = 15)
Studies included in quantitative synthesis
(meta-analysis) (n = 11)
PRISMA flow diagram demonstrating flow of studies through identification process and eligibility screening. *See Appendix C for further details.
RCT, randomized controlled trial.
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ajog.org Systematic Reviews ajog.org Systematic Reviews studies reported pain intensity using a visual analog scale (VAS) in centimeters and pain duration in hours. VAS is a 10 cm, usually horizontal, line anchored by the phrases "no pain" and "worst pain imaginable" at each end. One study 65 used the McGill questionnaire, which cannot be converted to VAS, so data from this trial could not be included in the meta-analysis. The remaining studies reported pain intensity using VAS in millimeters 64 and pain duration in days.
63, 66 These results were converted to centimeters and hours, respectively, before analysis. A correlation coefficient of 0.6 was used to estimate the SD of the mean difference where this was not provided, based on the result obtained in an RCTof a physical activity intervention in a similar population. 67 Inverse variance methods were used for weighting in the meta-analyses. The random effects model was used as it was anticipated there may be a high degree of heterogeneity. I 2 was used to assess heterogeneity; an I 2 value >50% was considered to indicate substantial heterogeneity. 48 Funnel plots were produced to look for publication bias.
Cluster RCTs could not be included in the meta-analyses as no intracluster correlation coefficient was reported in the eligible trials. Separate pooling of cluster RCTs was performed for pain duration but only 1 cluster randomized study reported pain intensity in a format that could be used. Subgroup analysis was not possible for comparator type as specified in the protocol due to insufficient primary studies. Subgroup analysis by age, which was also specified in the protocol, was not possible as most included studies did not provide enough detail on age ranges.
Strength of the evidence
The strength of the evidence was assessed by GRADE at the outcome level for pain intensity and pain duration using GRADE Pro/Guideline Development Tool (GDT). Two independent reviewers performed GRADE assessment with discrepancies resolved by consensus. A starting rating of high-quality evidence was downgraded by 1 level for serious concerns (or by 2 levels for very serious concerns) for risk of bias, inconsistency, indirectness, imprecision, and publication bias.
Results
Searches were performed on May 24, 2017, resulting in 582 returns once duplicates were removed. The returns for individual databases are given in Appendix B. The PRISMA flow 
Pain duration meta-analysis
Random effects meta-analysis of pain duration in hours.
CI, confidence interval.
Matthewman. Physical activity for primary dysmenorrhea. Am J Obstet Gynecol 2018. Systematic Reviews ajog.org diagram, representing the flow of studies through the selection process, is shown in Figure 1 . In all, 69 articles were assessed at the full text stage, with 54 excluded at this stage. A list of studies excluded at this point can be found, with reasons for exclusion, in Appendix C.
Nine studies were only found in Persian or Mandarin. These articles were assessed with the assistance of native Persian and Mandarin speakers. Where the full text could not be located the study, authors were contacted where possible. Two theses could not be located by any method and were thus excluded at the full text stage. 68, 69 Study characteristics Fifteen RCTs, all published since 2011, met the review inclusion and exclusion criteria. This resulted in a total of 1681 participants across all included studies. [58] [59] [60] [61] [62] [63] [64] [65] [66] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] Details of these studies are presented in the Reyhani et al 76 in 2013 asked participants to exercise by brisk walking for the first 3 days of menstruation. Rakhshaee 75 in 2011 asked participants to perform yoga in the luteal phase of the menstrual cycle.
Synthesis of results
Meta-analysis of pain intensity (Figure 2) Four studies could not be included in the meta-analysis and 6 further studies did not report on both pain intensity and pain duration in a way that could be utilized for pooled effect estimates (see Appendix E for reasons for exclusion from the meta-analysis).
Sensitivity analysis was performed for type of comparator and timing of intervention (not specified in protocol), with no significant change in the combined estimate of treatment effect. Funnel plot asymmetry was seen for both outcomes. Pain intensity did not demonstrate the classic funnel shape, possibly due to the heterogeneity of primary studies. The funnel plot for pain duration suggested publication bias. This is potentially due to selective outcome reporting, as 5 studies included in the pain intensity metaanalysis did not publish data on pain duration, and most studies were found to be at a high risk of selective outcome reporting. However, results remained statistically significant when the smaller studies contributing to this asymmetry were removed.
Analysis of absenteeism was planned but this was only reported in 1 study with no measure of variance given.
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FIGURE 3
Risk of bias summary Summary of risk of bias of included studies. ajog.org Systematic Reviews
Risk of bias of included studies
Most included studies were at high risk of bias in multiple areas of study design, or did not report sufficiently for a conclusion to be made about the risk of bias (Figure 4) . The randomization process was not fully described for most studies 59, [61] [62] [63] 65, 71, 72, 74, 75, [77] [78] [79] and allocation concealment was only performed in 2 studies. 64, 73 No studies reported blinding participants to study purpose or group and only 1 study reported blinding outcome assessors. 64 Most studies did not report how or when they measured pain intensity. Registered protocols were found for 3 studies, 59 ,63,65,77-79 of which 2 proposed outcomes that were not reported in the final study. 77, 78 Selective outcome reporting is also suggested by the range of outcomes reported across studies. Results were sometimes reported incompletely; 64, 65, 71, 78 for example, Aboushady et al 71 in 2016 did not report postintervention pain intensity in the control group. Most studies reported no loss to follow-up. 58, 59, 63, 65, 66, [71] [72] [73] [76] [77] [78] [79] Those studies that did report loss to follow-up did not use intention-to-treat analysis. 60, 64, 75 The remaining studies did not report how many participants completed the intervention and follow-up. 61, 62, 74 Most biases would be expected to affect the results such that they increased the magnitude of the treatment effect. However, when low-quality studies were removed (score <3 on risk of bias assessment in Figure 4) , there was an increase in the pooled estimate of treatment effect for pain intensity (from e1.89 cm [95% CI, e2.96 to e1.09] to e2.87 cm [95% CI, e5.10 to e0.63]). Only 1 study of moderate quality assessed pain duration with a nonsignificant estimate of treatment effect of Pain intensity meta-analysis Random effects meta-analysis of pain intensity via visual analog scale in centimeters.
Matthewman. Physical activity for primary dysmenorrhea. Am J Obstet Gynecol 2018. Systematic Reviews ajog.org e2.64 hours (95% CI, e11.58 to 6.30) suggesting that the evidence for the effect of physical activity on pain duration is less reliable.
Comment
Main findings
This systematic review and metaanalysis suggests that physical activity may be an effective intervention for primary dysmenorrhea. However, these results should be interpreted with caution, as heterogeneity was high and only partially mitigated by subgroup analysis. Studies were of low or moderate quality, mainly due to performance bias and potential selective outcome reporting. Nevertheless, results for pain intensity remained stable when lowquality studies were removed providing some reassurance of the treatment effect observed. All studies demonstrated an improvement in pain (intensity and/or duration) with intervention, including those that could not be included in the meta-analysis. The overall assessment of the strength of evidence using GRADE showed moderate-quality evidence for pain intensity and low-quality evidence for pain duration ( Figure 5 ).
As well as considering the statistical significance and methodological quality of the results it is important to place these within a clinical context. No minimal clinically important difference (MCID) is available in the literature for pain intensity measured by VAS in primary dysmenorrhea, but the MCID in endometriosis is 1 cm. 80 This suggests that the pooled estimate, at almost 2 cm, is clinically significant. There are no reported values for the MCID for pain duration in primary dysmenorrhea or similar conditions.
Strengths and limitations
This review was conducted in accordance with systematic review methodologies as described in the Cochrane Handbook 48 and has been reported in compliance with the PRISMA statement. 49 A prospective protocol was registered on PROSPERO, ensuring methods were specified a priori, unlike previous reviews. 47 Substantially more RCTs were found in this review than all previous reviews. Searches used in this review were also more comprehensive than previous reviews, covering more databases, and identifying gray literature, such as theses and conference proceedings that were not identified in previous reviews. All eligible studies that were not published in English were translated so that they could be considered for inclusion. In compliance with current best practice guidelines for systematic reviews, eligibility screening, data extraction, quality assessment, and strength of evidence assessment were all performed by 2 independent reviewers. The meta-analyses for this review contain the largest number of RCTs to date, and assess both pain intensity and pain duration (only the former has been previously assessed by meta-analysis). Our review is also the first to include subgroup analysis by type of physical activity. Interrogation of the data using sensitivity analysis and funnel plots was performed, which was not the case in previous reviews. This review is also the first to report on strength of the evidence using GRADE. This review is therefore the most complete, up-to-date, and methodologically rigorous review of the effectiveness of physical activity interventions for primary dysmenorrhea.
Despite this, the findings remain limited by the number of primary studies, trial sample size, and the quality of included studies. No high-quality trials were identified, and reporting of trial methodology was not always clear. Despite attempts to identify gray literature, potential publication bias was 
GRADE evidence profile
Evidence profile for pain intensity and pain duration. ajog.org Systematic Reviews identified for the pain duration outcome. The results of this review are subject to high levels of heterogeneity, introducing some uncertainty about the effectiveness of physical activity. Heterogeneity appeared to occur because studies evaluated a wide range of physical activity interventions. Attempts to resolve this by conducting subgroup analysis were somewhat limited because of insufficient primary studies. Insufficient data from primary studies also prevented reporting of one of the prespecified outcomes (absenteeism) and 2 of the prespecified subgroup analyses (adolescents and adults, comparator type).
Comparison with existing literature Increased physical activity was identified as a small protective factor against experiencing dysmenorrhea in a 2006 28 systematic review of observational studies (odds ratio of 0.89; 95% CI, 0.80e0.99). A nonsystematic review of controlled trials published in 1998 45 also found a beneficial effect, but noted there was a paucity of methodologically robust studies to confirm this. Interestingly, the review authors considered 3 trials to be randomized despite not being reported as such, and not being considered as such in other reviews. 26, 27 A nonsystematic review in 2008 26 and a Cochrane library systematic review in 2010 27 (including both primary and secondary dysmenorrhea) identified just 1 small RCT that demonstrated a beneficial effect of treadmill running. 81 This single trial had some methodological limitations and therefore the previous reviews concluded that there was insufficient evidence to recommend the intervention. The most recent systematic review found a beneficial effect of physical activity but similarly reported that included trials contained methodological flaws limiting the strength of their conclusions. 46 
Conclusions and implications
This review provides moderate-quality evidence that physical activity may reduce pain intensity and low-quality evidence that it may reduce pain duration in primary dysmenorrhea. While physical activity is currently recommended in clinical guidelines for primary dysmenorrhea, more high-quality studies are needed before this can be confirmed. Future trials should adhere to international reporting guidelines, and seek to minimize sources of bias. Trials that evaluate the optimum type and timing of physical activity interventions are also required.
-
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Appendix A Search strategies MEDLINE/MEDLINE in process searched May 24, 2017: strual cramps" OR "menstrual pain" OR "period pain" OR "painful periods" OR "painful menstruation" Intervention: "physical activity" OR exercise OR sport OR stretch OR fitness OR "physical training" OR "resistance training" OR "weight training" OR jogging OR running OR walking OR swimming OR yoga OR "tai chi" OR pilates (searches both tai ji and tai chi) 13
World Google was searched using the terms "dysmenorrhea" and "exercise"; all returns up to page 15 were reviewed at which point no new returns were being identified. This was repeated with the alternative spelling "dysmenorrhoea".
The Menstruation Research website was also searched in greater detail (menstruationresearch.org) ajog.org Systematic Reviews
